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(57) ABSTRACT

An image reading device including an illumination unit that
has a light guide body guiding light of a light source that is
facing one longitudinal end surface of the light guide body to
an object to be read; and an image forming optical device that
is parallel to the light guide body, has a lens array with an
incidence surface in which lens surfaces are arranged in the
longitudinal direction of the light guide body, and condenses
reflected light from the object which is incident on the inci-
dence surface, thereby forming an erect equal-magnification
image on a sensor. The image reading device further includes
a frame on which is disposed the image forming optical
device. A second frame projects in a direction away from the
first frame and connects to the first frame, or the frame con-
nects to an H-shaped cross-section frame.

10 Claims, 14 Drawing Sheets
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1
IMAGE READING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of, and claims priority
under 35 U.S.C. §120 on, U.S. application Ser. No. 13/852,
252, filed Mar. 28, 2013, which claims priority under 35
US.C. §119 on Japanese Patent Application No. 2012-
086225, filed Apr. 5, 2012. Each such related application is
expressly incorporated by reference herein.

BACKGROUND

1. Technical Field

The present invention relates to an image reading device
including an image forming optical device that forms an erect
equal-magnification image by forming an image of reflected
light from an object to be read.

2. Related Art

In the related art, a contact image sensor module (herein-
after, simply referred to as “CIS module™) is used as an image
reading device in image scanners, facsimiles, copy machines,
financial terminal devices, and the like. The CIS module
includes an illumination unit that illuminates an object to be
read, an image forming optical device that forms an erect
equal-magnification image of the object to be read, and a
sensor that reads the erect equal-magnification image formed
by the image forming optical device. In the CIS module,
reflected light from the object illuminated by the illumination
unit is condensed by the image forming optical device, and
thus the erect equal-magnification image is formed on the
sensor. For example, Japanese Patent No. 4145271 (para-
graphs 0020 to 0022, FIG. 1, and the like) discloses an image
reading device which includes an illumination unit disposed
close to an image forming optical device along the longitu-
dinal direction in which a rod-shaped light guide body formed
of a transparent member such as an acryl resin is accommo-
dated in a case. In addition, the light guide body includes a
reflecting surface at the bottom in which a reflection structure
is formed, right and left side surfaces that are formed as an
elliptical curved surface, a parabolic curved surface, or a
composite curved surface thereof, and a flat light emitting
surface that is disposed so as to face the reflecting surface in
a cross-sectional shape perpendicular to the longitudinal
direction. Therefore, light of a light source, which is incident
from an end surface of the light guide body and is scattered on
the reflecting surface, is reflected by the right and left side
surfaces of the light guide body, and is then emitted toward an
object to be read from the light emitting surface.

Incidentally, in order to form a clear erect equal-magnifi-
cation image on a sensor using the image forming optical
device, a portion where the object to be read and an optical
axis of a lens array included in the image forming optical
device intersect needs to be sufficiently illuminated in the
form of a band using an illumination unit. Therefore, a tech-
nique to illuminate the object to be read with high efficiency
is required.

SUMMARY

An advantage of some aspects of the invention is that it
provides an image reading device including an illumination
unit having a new configuration capable of illuminating an
object to be read with high efficiency.

According to an aspect of the invention, there is provided
an image reading device including an illumination unit that
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has a light guide body guiding light of a light source that is
facing one longitudinal end surface of the light guide body to
an object to be read and illuminates the object; and an image
forming optical device that is disposed parallel to the light
guide body, has a lens array provided with an incidence sur-
face in which a plurality of lens surfaces are arranged in the
longitudinal direction of the light guide body, and condenses
reflected light from the object which is incident on the inci-
dence surface, thereby forming an erect equal-magnification
image on a sensor.

In one embodiment, the image reading device further
includes a first frame on which is disposed the image forming
optical device; and a second frame that projects in a direction
away from the first frame and which connects to the first
frame.

In another embodiment, the image reading device further
includes a frame on which is disposed the image forming
optical device and which connects to an H-shaped cross-
section frame.

The image reading device preferably further comprises a
circuit substrate. In the one embodiment described above, the
light source of the illumination unit is disposed under the
second frame, and in the other embodiment described above,
it is disposed under the H-shaped cross-section frame.

Other embodiments and variations are described below.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1 is a perspective view illustrating a CIS module
which is an embodiment of an image reading device.

FIG. 2 is a partial cross-sectional perspective view taken
along line II-IT of FIG. 1.

FIG. 3 is a cross-sectional perspective view taken along
line III-IT1 of FIG. 1.

FIG. 4 is a perspective view illustrating a frame included in
the CIS module.

FIG. 5 is a perspective view illustrating a light guide
included in the CIS module.

FIG. 6 is an enlarged view illustrating main parts of the CIS
module.

FIG. 7 is a rear view of the CIS module.

FIGS. 8A and 8B are diagrams illustrating an illumination
state of'a document using a light guide.

FIGS. 9A and 9B are diagrams illustrating an illumination
state of'a document according to a Comparative Example.

FIGS. 10A and 10B are diagrams illustrating Modification
Example 1 of the light guide.

FIGS. 11A and 11B are diagrams illustrating an illumina-
tion state of a document according to Modification Example
2 of the light guide.

FIGS. 12A and 12B are diagrams illustrating an illumina-
tion state of a document according to Modification Example
3 of the light guide.

FIGS. 13A and 13B are diagrams illustrating an illumina-
tion state of a document according to Modification Example
4 of the light guide.

FIGS. 14A and 14B are diagrams illustrating an illumina-
tion state of a document according to Modification Example
5 of the light guide.

FIGS. 15A and 15B are diagrams illustrating an illumina-
tion state of a document according to Modification Example
6 of the light guide.

FIG. 16 is a perspective view illustrating a mold for mold-
ing a frame.
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FIG. 17 is a cross-sectional view of the mold at a position
corresponding to the cross section of the frame illustrated in
FIG. 2.

FIG. 18 is a cross-sectional view of the mold at a position
corresponding to the cross section of the frame illustrated in
FIG. 3.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, a CIS module which is an embodiment of an
image reading device of the invention will be described with
reference to FIGS. 1 to 7. FIG. 1 is a perspective view illus-
trating the CIS module which is an embodiment of the image
reading device. FIG. 2 is a partial cross-sectional perspective
view taken along line II-II of FIG. 1. FIG. 3 is a cross-
sectional perspective view taken along line III-I1I of FIG. 1.
FIG. 4 is a perspective view illustrating a frame included in
the CIS module. FIG. 5 is a perspective view illustrating a
light guide included in the CIS module. FIG. 6 is an enlarged
view illustrating main portions of the CIS module. FIG. 7 is a
rear view of the CIS module.

A CIS module 1 (corresponding to “image reading device”
of'the invention) is a device that reads an image printed onto
adocument OB using the document OB placed on a document
glass GL as an object to be read, and is disposed directly
below the document glass GL. The CIS module 1 has a
cuboidal frame 2 that extends longer than a read range of the
document OB in an X direction. An illumination unit 3, a lens
unit 4 (corresponding to “image forming optical device” of
the invention), a sensor 5, and a printed circuit substrate 6 are
disposed in the frame 2.

An internal space of the frame 2 is partitioned by an inter-
mediate member 21 provided in the frame 2 into an upper
space for disposing the illumination unit 3 and the lens unit 4
and a lower space for disposing the printed circuit substrate 6
provided with the sensor 5 and an LED substrate 32 of the
illumination unit 3. In addition, on the upper space side of the
intermediate member 21, an inclined groove 22 for disposing
a light guide 31 included in the illumination unit 3 and a
concave groove 23 for disposing the lens unit 4 extend in the
X direction. A slit 24 for transmitting light, emitted from the
lens unit 4, which has a predetermined read width in the X
direction extends in the X direction at the bottom of the
concave groove 23, and an upper space and a lower space of
the frame 2 communicate with each other via the slit 24.

A plurality of pressing members 25 for pressing the light
guide 31 disposed in the inclined groove 22 from above are
provided in the frame 2 at predetermined intervals in the X
direction above the inclined groove 22. The pressing mem-
bers 25 protrude inward from a lateral wall of the frame 2
which is adjacent along the inclined groove 22 so as to be
integrally formed with the frame 2. In addition, a pressing
surface that presses the light guide 31 disposed on the lower
surface sides of the pressing members 25 is formed in sub-
stantially the same shape as an upper outer circumferential
surface of the light guide 31 which is an object to be read.

In addition, in a state where the light guide 31 is pressed
from above by the pressing members 25, a portion chamfered
along the longitudinal direction (X direction) on the lower
side of the light emitting surface 315 of the light guide 31
comes into contact with a portion chamfered along the lon-
gitudinal direction (X direction) of an upper left side of the
case body 41 of the lens unit 4 fitted into the concave groove
23. The lens unit 4 is fixed to the concave groove 23 by being
pressed inward the concave groove 23 by the light guide 31
that is pressed by the pressing members 25. Meanwhile, a
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rectangular hole 252 communicating with the inclined groove
22 along the lower side of the pressing member is formed ata
position of the lateral wall of the frame 2 which corresponds
to each of the respective pressing members 25. As will be
described later with reference to FIGS. 16 to 18, the holes 25a
are formed by obliquely disposing the inclined groove 22 and
pressing member forming dies 203 for forming the pressing
members 25 in the upper space of the frame 2.

The illumination unit 3 illuminates the document OB by
using an LED (Light Emitting Diode: not shown) that is
provided in the LED substrate 32 attached to the printed
circuit substrate 6 as a light source and by having the light
guide 31 (corresponding to “light guide body” of the inven-
tion) that guides light of the LED to the document OB placed
on the document glass GL. Meanwhile, the LED substrate 32
is partially illustrated in FIG. 2 by illustrating an upper end
portion thereof as a dotted line.

The light guide 31 is formed of a transparent member such
as an acryl resin or glass, and has substantially the same
length as the read range of the CIS module 1, and thus the light
guide 31 is disposed in the X direction in the inclined groove
22 provided in an upper surface of the intermediate member
21. In addition, the light guide 31 has a reflecting surface 31a
in which a reflection structure reflecting the light of the LED,
which is incident into the light guide 31 from one end surface
(front side toward the paper plane of FIG. 2), is formed, and
a light emitting surface 315 from which the light reflected by
the reflecting surface 31a is emitted toward the document OB.
The reflecting surface 31a and the light emitting surface 315
are formed in the outer circumferential surface of the light
guide 31 along the longitudinal direction and are disposed so
as to face each other with the transparent member interposed
therebetween. The light emitting surface 315 in the cross
section perpendicular to the longitudinal direction of the light
guide 31 is formed to have a smaller width than the reflecting
surface 31a.

In addition, the cross section perpendicular to the longitu-
dinal direction of the light guide 31 has a hexagonal shape that
tapers toward the light emitting surface 315 side from the
reflecting surface 31a side. A portion of the light guide 31
which faces the lens unit 4 is chamfered along the light
emitting surface 315 in the longitudinal direction. The cham-
fered portion of the light guide 31 contacts a portion of the
lens unit 4 which is similarly chamfered along the X direc-
tion, and thus the light emitting surface 315 is disposed close
to the lens unit 4. As illustrated in FIG. 5, the illumination unit
3 further includes a light shielding film 33 covering the outer
circumferential surface of the light guide 31 except for the
light emitting surface 315, and a scattering surface that scat-
ters light is formed on a surface of the light shielding film 33
which comes into contact with the light guide 31 (transparent
member) of the light shielding film 33. Meanwhile, in the
embodiment, the light shielding film 33 is formed to have a
thickness of approximately 125 um. In addition, the light
shielding film 33 covering the reflecting surface 31a is par-
tially illustrated in FIG. 5.

In addition, as illustrated in FIGS. 6 and 7, the light emit-
ting surface 314 is inserted into the inclined groove 22 formed
in the upper surface of the intermediate member 21 of the
frame 2 in the X direction toward the lens unit 4 side from the
front side of the light guide 31 toward the paper plane, and
thus an insertion space SP for inserting the LED substrate 32
is formed at a position of the end surface on the front side of
the light guide 31. As illustrated in FIGS. 1 and 2, the printed
circuit substrate 6 provided with the LED substrate 32 is
disposed at a predetermined position in the lower space of the
frame 2, and thus the LED substrate 32 is inserted into the
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insertion space SP from the lower side thereof. Accordingly,
an end surface of a tip side of the LED substrate 32 is posi-
tioned by coming into contact with the pressing surfaces of
the pressing members 25, and thus the LED provided in the
LED substrate 32 is disposed so as to face the end surface on
the front side which is one end side of the light guide 31 in the
longitudinal direction.

Ifillumination light from the LED is incident on one end of
the light guide 31, the illumination light is propagated
through the light guide 31 toward the other end of the light
guide 31 and is scattered by the reflecting surface 31a. The
illumination light scattered by the reflecting surface 31a is
totally reflected by the outer circumferential surface (light
shielding film 33) inside the light guide 31, and is thus con-
densed toward the light emitting surface 315. The condensed
illumination light is emitted toward the document glass GL.
from the light emitting surface 315, and is thus irradiated in a
state where the illumination light is condensed in the docu-
ment OB on the document glass GL. In this manner, the
document OB is irradiated with band-like illumination light
extending in the X direction, and the illumination light is
reflected by the document OB.

Meanwhile, an elastic member (not shown) such as a
sponge, rubber, or a spring is provided on an inner wall
surface of the frame 2 which comes into contact with an end
surface on the opposite side to the one end of the light guide
31 on which illumination is incident from the LED. The light
guide 31 is biased using the elastic member in a direction in
which the elastic member escapes from the inclined groove
22, and thus the light guide 31 comes into contact with the
LED provided in the LED substrate 32. The LED substrate 32
that is inserted into the insertion space SP from below is
positioned by coming into contact with the inner wall surface
of'the frame 2 which faces an inner wall surface provided with
the elastic member in a direction in which the LED substrate
32 is pressed by the light guide 31 biased by the elastic
member. Therefore, the light guide 31 is fixed to the inclined
groove 22 by being exactly positioned between the elastic
member and the LED substrate 32.

In addition, since the upper space of the frame 2 in which
the illumination unit 3 is disposed and the lower space in
which the sensor 5 (printed circuit substrate 6) is disposed are
spaced apart from each other by the intermediate member 21,
there is no concern that the light of the illumination unit 3
leaks to the lower space, thereby preventing the generation of
noise due to the incidence of the light on the sensor 5 which
has leaked from the illumination unit 3.

The above-described concave groove 23 is provided in the
X direction at a position directly below a position at the
illumination light is irradiated using the illumination unit 3,
and the lens unit 4 is disposed in parallel with the light guide
31 by being fitted into the concave groove 23. The lens unit 4
includes a lens array (not shown) provided with an incidence
surface on which each lens surface is arranged in the same X
direction as the longitudinal direction of the light guide 31 in
a state where mutual optical axes of a plurality of lenses are
parallel to each other, and the case body 41 that accommo-
dates the lens array. In addition, the lens unit 4 forms an erect
equal-magnification image of the document OB on the sensor
5 by condensing the reflected light from the document OB
which is incident on the incidence surface.

The lens array extends in the X direction by substantially
the same length as the read range of the CSI module 1, and is
integrally molded by a transparent medium such as a resin or
glass having optical transparency with respect to the illumi-
nation light. In addition, a plurality of through holes (not
shown) that are pierced so as to correspond to the respective
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lenses are formed along the X direction in the case body 41 on
the incidence side of the lens array, and an incident direction
of the reflected light emitted from the document OB is regu-
lated by the through holes. In addition, a plurality of through
holes (not shown) that are pierced so as to correspond to the
respective lenses are formed along the X direction in the case
body 41 on the emission side of the lens array, and an emis-
sion direction of the light emitted from the lens array is
regulated by the through holes.

In other words, on the incidence side and the emission side
of the lens array, the case body 41 in which the plurality of
through holes are formed along the X direction serves as an
aperture member for the lens array, and thus the incidence of
stray light on the sensor 5 is prevented. Meanwhile, the slit 24
that is formed in the X direction at the bottom of the concave
groove 23 provided in the intermediate member 21 of the
frame 2 is formed at a position at which optical axes on the
emission side of the lenses constituting the lens array are
arranged in the X direction, and the slit 24 is formed so as to
be wider to a certain extent than the optical axis of each lens
on the emission side in the X direction. The reflected light
incident on the lens unit 4 passes through the slit 24 and is
condensed on the sensor 5.

A portion of the case body 41 which faces the light guide 31
is chamfered along the X direction, and as described above,
the chamfered portion of the light guide 31 comes into contact
with the chamfered portion of the case body 41 and presses
the case body 41 inward the concave groove 23, and thus the
lens unit 4 (case body 41) is fixed inside the concave groove
23 of the frame 2.

As illustrated in FIG. 1, the sensor 5 is attached in the X
direction to the printed circuit substrate 6 on which the LED
substrate 32 is mounted, and thus the sensor 5 reads the erect
equal-magnification image of the document OB and outputs a
signal associated with the erect equal-magnification image.

The CIS module 1 configured as described above is
assembled as follows. In other words, as illustrated in FIGS.
6 and 7, first, the lens unit 4 is fitted into the concave groove
23 provided on the upper space side of the frame 2, and thus
the light guide 31 is inserted into the inclined groove 22. As
illustrated in FIGS. 1 and 2, the printed circuit substrate 6 is
disposed at a predetermined position of the lower space of the
frame 2 so that the LED substrate 32 is inserted into the
insertion space SP from the lower side thereof, and thus the
assembling of the CIS module 1 is completed.

Next, an example of an arrangement relationship between
the light guide 31 and the lens unit 4 will be described with
reference to FIGS. 8A and 8B. FIGS. 8 A and 8B are diagrams
illustrating an illumination state of a document using a light
guide. FIG. 8A illustrates the arrangement relationship
between the light guide and the lens unit, and FIG. 8B illus-
trates the illumination state of the document. In addition, in
FIG. 8B, the position of an original point O in a Y direction
corresponds to the position of an optical axis CL of the lens
unit 4 in the cross section perpendicular to the X direction, a
Y (+) direction indicates the lens unit side, a Y(-) direction
indicates the light guide side, and the original point O side
indicates the end surface side of the light guide 31 on which
the illumination light is incident by the LED. In addition, F1G.
8B illustrates brightness in the X direction at the position of
the optical axis CLL which is derived from a simulation using
illumination analysis software “LightTools” made by Cyber-
net Systems Co., Ltd.

In the embodiment, a width of the reflecting surface 31aq, a
width of the light emitting surface 31b, and a distance
between the reflecting surface 31a and the light emitting
surface 3154 in the cross section perpendicular to the longitu-
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dinal direction of the light guide 31 are set to 2 mm, 0.8 mm,
and 4 mm, respectively. In addition, since the document glass
GL is formed of a material having a refractive index of 1.51,
when an angle formed by a normal line of the light emitting
surface 315 of the light guide 31 and the document glass GL.
is v, an angle 0 formed by a traveling direction of light that is
incident on the document glass GL. and is then refracted and
the document glass GL is sin 6=(sin y)/1.51.

Therefore, when a distance between a top surface of the
lens unit 4 and a lower surface of the document glass GL is d1
and the thickness of the document glass GL is d, in order for
light emitted from the light guide 31 to be irradiated onto an
intersection between an upper surface of the document glass
GL and the optical axis CL of the lens unit 4, a distance L
between the center of the light emitting surface 3154 in the
cross section perpendicular to the longitudinal direction of
the light guide 31 and the optical axis CL ofthe lens unit4 can
be represented as [L=d1/tan(y)+d/tan(9). In the embodiment,
since the distance d1 between the top surface of the lens unit
4 and the lower surface of the document glass GL is set to 0.66
mm and the thickness d of the document glass GL is setto 2.8
mm, for example, when the angle y formed by the normal line
of' the light emitting surface 315 of the light guide 31 and the
document glass GL is 40 degrees, the distance L. between the
center of the light emitting surface 315 and the optical axis CL.
of'the lens unit 4 is approximately 2.4 mm. Therefore, in the
above-described conditions, when the light guide 31 and the
lens unit 4 are disposed such that the distance between the
center of the light emitting surface 315 and the optical axis CL.
is 2.4 mm, the position of the optical axis CL of the document
OB is appropriately illuminated in the form of aband in the X
direction by the illumination light emitted from the light
emitting surface 314.

In addition, as illustrated in FIG. 8 A, the lateral wall of the
frame 2, an upper surface of the pressing member 25, and a
top surface in which the through holes of the case body 41 of
the lens unit 4 are formed are disposed on substantially the
same plane S, and thus the light guide 31 is disposed so as not
to protrude from the document glass GL. beyond the plane S.

Meanwhile, in the embodiment, chamfering is performed
on the light guide 31 so that an angle o with the light emitting
surface 315 is 100 to 140 degrees, and chamfering is per-
formed on the lens unit 4 so that an angle § with the top
surface is 100 to 140 degrees. Therefore, the incidence sur-
face of the light guide 31 and the incidence surface of the lens
unit 4 are disposed close to each other so that the distance L is
equal to or less than 2.4 mm. In addition, the light guide 31
and the lens unit 4 are disposed such that a relationship
between a chambering angle o of the above-described light
guide 31, a chambering angle § of the lens unit 4, and an
incident angle y of a beam satisfies the expression, a+f+
v=270, and thus the light emitted from the light emitting
surface 315 of the light guide 31 is irradiated in the form of a
band onto a portion where the upper surface of the document
glass GL and the optical axis CL of the lens unit 4 intersect.

In other words, as illustrated in F1G. 8B, in a state where an
irradiation center minutely leans to the light guide 31 side, the
light emitted from the light emitting surface 315 of the light
guide 31 is appropriately irradiated in the form of a band with
light utilization efficiency of 19.2% with respect to the por-
tion where the upper surface of the document glass GL. and
the optical axis CL of the lens unit 4 intersect.

Comparative Example

Hereinafter, a Comparative Example will be described
with reference to FIGS. 9A and 9B. FIGS. 9A and 9B are
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diagrams illustrating an illumination state of a document
according to the Comparative Example. FIG. 9A illustrates an
arrangement relationship between a light guide and a lens
unit, and FIG. 9B illustrates the illumination state of the
document. As illustrated in FIG. 9A, in the Comparative
Example, the above-described chamfering is not performed
on outer peripheries of a light guide 131 and a lens unit 104,
and the cross section of each of the light guide 131 and the
lens unit 104 which is perpendicular to the longitudinal direc-
tion (X direction) is formed to have a rectangular shape. In
addition, the light emitting surface 315 of the light guide 131
in the cross section perpendicular to the longitudinal direction
is formed to have the same width as the reflecting surface 31a.
Other components are the same as the above-described
example, and thus a description thereof will not be repeated
by providing the same reference numerals.

In the Comparative Example, since chamfering is not per-
formed on the light guide 131 and the lens unit 104, the light
guide 131 and the lens unit 104 cannot be disposed close to
each other. Further, illumination light of an LED which is
incident on the light guide 131 is not condensed toward the
light emitting surface 315. Therefore, as illustrated in FIG.
9B, the illumination center leans to the light guide 131 side to
alarge extent, and thus the portion where the upper surface of
the document glass GL and the optical axis CL ofthe lens unit
4 intersect is hardly illuminated with light emitted from the
light emitting surface 315 of the light guide 131.

In addition, as illustrated as a dotted line in FIG. 9B, in
order for the portion where the upper surface of the document
glass GL and the optical axis CL of the lens unit 4 intersect to
be illuminated with the light emitted from the light emitting
surface 315 of the light guide 131, the light guide 131 has to
be disposed on the upper side excessively beyond the plane S.
However, since the document glass GL is disposed directly
above the CIS module 1, it is not practically possible to
dispose the light guide 131 at a position of the dotted line in
FIG. 9B.

Modification Example 1

Hereinafter, Modification Example 1 ofthe light guide will
be described with reference to FIGS. 10A and 10B. FIGS.
10A and 10B are diagrams illustrating Modification Example
1 of the light guide. FIGS. 10A and 10B illustrate different
Modification Examples 1. The example illustrated in FIG.
10A is different from the example illustrated in FIG. 8A in
that the reflecting surface 31a is inclined at approximately 10
degrees in a clockwise direction toward the paper plane in a
cross section perpendicular to the longitudinal direction of a
light guide 310a. The example illustrated in FIG. 10B is
different from the example illustrated in FIG. 8A in that the
reflecting surface 31a is inclined at approximately 10 degrees
in a counterclockwise direction toward the paper plane in a
cross section perpendicular to the longitudinal direction of a
light guide 3106. Other components are the same as the
above-described example, and thus a description thereof will
not be repeated by providing the same reference numerals.

In Modification Example 1 illustrated in FIGS. 10A and
10B, light condensing efficiency deteriorates to a certain
extent as compared with the example illustrated in FIG. 8A.
However, the portion where the upper surface of the docu-
ment glass GL and the optical axis CL of the lens unit 4
intersect is appropriately irradiated with the light emitted
from the light emitting surface 315 of the light guide 31 in the
form of a band.

Modification Example 2

Hereinafter, Modification Example 2 ofthe light guide will
be described with reference to FIGS. 11A and 11B. FIGS.
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11A and 11B are diagrams illustrating an illumination state of
a document in Modification Example 2 of the light guide.
FIG. 11A illustrates an arrangement relationship between the
light guide and a lens unit, and FIG. 11B illustrates the illu-
mination state of the document. The example illustrated in
FIG. 11A is different from the example illustrated in FIG. 8A
in that a cross section perpendicular to the longitudinal direc-
tion of a light guide 311 is formed to have a trapezoidal shape
that tapers toward the light emitting surface 315 side from the
reflecting surface 31a side. Other components are the same as
the above-described example, and thus a description thereof
will not be repeated by providing the same reference numer-
als.

In Modification Example 2 illustrated in FIG. 11A, as
illustrated in FIG. 11B, the portion where the upper surface of
the document glass GL and the optical axis CL of the lens unit
4 intersect is appropriately irradiated with light use efficiency
01'19.3% with the light emitted from the light emitting surface
3156 of the light guide 31 in the form of a band.

Modification Example 3

Hereinafter, Modification Example 3 of the light guide will
be described with reference to FIGS. 12A and 12B. FIGS.
12 A and 12B are diagrams illustrating an illumination state of
a document in Modification Example 3 of the light guide.
FIG. 12A illustrates an arrangement relationship between the
light guide and a lens unit, and FIG. 12B illustrates an illu-
mination state of the document. The example illustrated in
FIG. 12A is different from the example illustrated in FIG. 8A
in that a cross section perpendicular to the longitudinal direc-
tion of a light guide 312 is formed to have a pentagonal shape
that tapers toward the light emitting surface 315 side from the
reflecting surface 31a side. Other components are the same as
the above-described example, and thus a description thereof
will not be repeated by providing the same reference numer-
als.

In Modification Example 3 illustrated in FIG. 12A, as
illustrated in FIG. 12B, the portion where the upper surface of
the document glass GL and the optical axis CL of the lens unit
4 intersect is appropriately irradiated with light use efficiency
01'19.9% with the light emitted from the light emitting surface
3156 of the light guide 312 in the form of a band.

Modification Example 4

Hereinafter, Modification Example 4 of the light guide will
be described with reference to FIGS. 13A and 13B. FIGS.
13 A and 13B are diagrams illustrating an illumination state of
a document in Modification Example 4 of the light guide.
FIG. 13 A illustrates an arrangement relationship between the
light guide and a lens unit, and FIG. 13B illustrates the illu-
mination state of the document. The example illustrated in
FIG. 13A is different from the example illustrated in FIG. 8A
in that a cross section perpendicular to the longitudinal direc-
tion of a light guide 313 is formed to have a pentagonal shape
that tapers toward the light emitting surface 315 side from the
reflecting surface 31a side. Other components are the same as
the above-described example, and thus a description thereof
will not be repeated by providing the same reference numer-
als.

In Modification Example 4 illustrated in FIG. 13A, as
illustrated in FIG. 13B, the portion where the upper surface of
the document glass GL and the optical axis CL of the lens unit
4 intersect is appropriately irradiated with light use efficiency
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10
0121.2% with the light emitted from the light emitting surface
3154 of the light guide 313 in the form of a band.

Modification Example 5

Hereinafter, Modification Example 5 ofthe light guide will
be described with reference to FIGS. 14A and 14B. FIGS.
14A and 14B are diagrams illustrating an illumination state of
a document in Modification Example 5 of the light guide.
FIG. 14A illustrates an arrangement relationship between the
light guide and a lens unit, and FIG. 14B illustrates the illu-
mination state of the document. The example illustrated in
FIG. 14A is different from the example illustrated in FIG.
13A in that although a cross section perpendicular to the
longitudinal direction of a light guide 314 is formed to have a
pentagonal shape that tapers toward the light emitting surface
3154 side from the reflecting surface 31a side, a part of the
outer circumferential surface is formed as a curved surface.
Other components are the same as the above-described
example, and thus a description thereof will not be repeated
by providing the same reference numerals.

In Modification Example 5 illustrated in FIG. 14A, as
illustrated in FIG. 14B, the portion where the upper surface of
the document glass GL and the optical axis CL ofthe lens unit
4 intersect is appropriately irradiated with light use efficiency
01'19.5% with the light emitted from the light emitting surface
3154 of the light guide 314 in the form of a band.

Modification Example 6

Hereinafter, Modification Example 6 ofthe light guide will
be described with reference to FIGS. 15A and 15B. FIGS.
15A and 15B are diagrams illustrating an illumination state of
a document in Modification Example 6 of the light guide.
FIG. 15A illustrates an arrangement relationship between the
light guide and a lens unit, and FIG. 15B illustrates the illu-
mination state of the document. The example illustrated in
FIG. 15A is different from the example illustrated in FIG. 8A
in that a light guide 315 is formed by chamfering a portion of
an outer circumferential surface of a rod-shaped transparent
member having a rectangular cross section, perpendicular to
the longitudinal direction thereof, which faces the lens unit 4
along the light emitting surface 3154 in the longitudinal direc-
tion, and thus the cross section thereof is formed to have a
shape that tapers toward the light emitting surface 315 side
from the reflecting surface 31a side. In addition, the cham-
fered portion of the outer circumferential surface of the light
guide 315 and the chamfered portion of the lens unit 4 are
disposed so as to face each other, and thus the light guide 315
and the lens unit 4 are disposed close to each other. Other
components are the same as the above-described example,
and thus a description thereof will not be repeated by provid-
ing the same reference numerals.

In Modification Example 6 illustrated in FIG. 15A, as
illustrated in FIG. 15B, the portion where the upper surface of
the document glass GL and the optical axis CL ofthe lens unit
4 intersect is appropriately irradiated with light use efficiency
ot 21% with the light emitted from the light emitting surface
3154 of the light guide 315 in the form of a band. Meanwhile,
as illustrated in FIG. 15A, when the light guide 315 and the
lens unit 4 are disposed close to each other, if an upper corner
of corners adjacent to the light emitting surface 315 of the
light guide 315 protrudes to a large extent toward the docu-
ment glass GL side beyond a plane S, the upper corner of the
light emitting surface 315 may also likely to be chamfered.
Method of Molding Frame
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Hereinafter, an example of a method of molding a frame
will be described with reference to FIG. 2, FIG. 3, and FIGS.
16 to 18. FIG. 16 is a perspective view illustrating a mold for
molding the frame. FIG. 17 is a cross-sectional view of the
mold at a position corresponding to the cross section of the
frame illustrated in FIG. 2. FIG. 18 is a cross sectional view of
the mold at a position corresponding to the cross section of the
frame illustrated in FIG. 3. A mold 200 for molding the frame
2 includes an upper mold 201, alower mold 202, and pressing
member forming dies 203. In addition, a die 201a for forming
the inclined groove 22 on the upper surface side of the inter-
mediate member 21 and a die 2015 for forming the concave
groove 23 are provided in a lower surface of the upper mold
201. Further, a die 2024 for forming a lower surface shape of
the intermediate member 21 and a die 2025 for forming the
slit 24 are provided in an upper surface of the lower mold 202.
In addition, a plurality of inclined holes 202¢ communicating
with the upper surface from the side surface on the left side
toward the paper plane are provided along the longitudinal
direction in the lower mold 202. The pressing member form-
ing dies 203 are inserted into the respective inclined holes
202c¢ so that tips of the pressing member forming dies 203
protrude from the lateral side of the lower mold 202 to the
upper surface side thereof. Meanwhile, the upper surface of
the tip of each pressing member forming die 203 which pro-
trudes from the surface of the lower mold 202 is formed to
have substantially the same shape as the upper circumferen-
tial surface of the light guide 31 that is inserted into the
inclined groove 22 of the frame 2. The tip side of each press-
ing member forming die 203 for forming the pressing mem-
ber 25 (inclined groove 22) may be appropriately formed to
have a shape according to the shape of the light guide (light
guide body) inserted into the inclined groove 22.

In a state where each pressing member forming die 203 is
inserted into each inclined hole 202¢ of the lower mold 202,
the upper mold 201 and the lower mold 202 engage with each
other by closely adhering a lower surface of the upper mold
201 to an upper surface of the lower mold 202, and thus a gap
G in which a liquid R such as a resin for forming the frame 2
is filled is formed between the lower surface of the upper mold
201 and the upper surface of the lower mold 202. Meanwhile,
the die 2014 for forming the inclined groove 22 provided in
the lower surface of the upper mold 201 is formed so as to be
tightly stuck between the pressing member forming dies 203
protruding on the upper surface side of the lower mold 202 in
a state where the upper mold 201 and the lower mold 202 are
combined together. In other words, the die 201a of the upper
mold 201 and the pressing member forming dies 203 are
alternately arranged in the longitudinal direction (X direc-
tion) so as to closely adhere to each other, and thus a mold for
forming the inclined groove 22 ofthe frame 2 is formed by the
closely-adhered die 2014 and the lower surfaces of the press-
ing member forming dies 203, and a mold for forming the
pressing members 25 is formed by the upper surfaces of the
pressing member forming dies 203.

The upper mold 201, the lower mold 202, and the pressing
member forming dies 203 that are configured in this manner
are combined together, and thus the liquid R such as a melt
resin is poured into the gap G formed between the lower
surface of the upper mold 201 and the upper surface of the
lower mold 202, and the liquid R such as a resin is hardened.
Then, after the pressing member forming dies 203 are pulled
out, the upper mold 201 and the lower mold 202 are removed,
thereby completing the frame 2.

As described above, in the above-described embodiment,
the rod-shaped light guides 31, 310a, 3105, 311, 312, 313,
314, and 315 (hereinafter, referred to as “light guide bodies™)
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that guide the light of the LED to the document OB are
formed of a transparent member. In addition, the light guide
body includes the reflecting surface 314 in which a reflection
structure reflecting the light of the LED, which is incident into
the light guide body from at least one end surface of the light
guide body, is formed, and the light emitting surface 315 from
which the light reflected by the reflecting surface 31a is
emitted toward the document OB. The reflecting surface 31a
and the light emitting surface 315 are formed along the lon-
gitudinal direction (X direction) in the outer circumferential
surface of the light guide body and are disposed so as to face
each other with the transparent member interposed therebe-
tween. Since the light emitting surface 315 in the cross sec-
tion perpendicular to the longitudinal direction of the light
guide body is formed to have a width smaller than that of the
reflecting surface 31a, the light of the LED which is incident
from the end surface of the light guide body and is scattered
throughout the entirety of the longitudinal direction in the
reflecting surface 31aq is totally reflected inside the transpar-
ent member by the outer circumferential surface of the light
guide body, is condensed toward the light emitting surface
315, and is emitted in the form of a band toward the document
OB from the light emitting surface 315.

Therefore, since the light condensed toward the light emit-
ting surface 314 inside the light guide body is emitted in the
form of a band toward the document OB from the light emit-
ting surface 315, it is possible to provide the CIS module 1
including the illumination unit 3 having a new configuration
capable of illuminating the portion where the document OB
and the optical axis CL of the lens array included in the lens
unit 4 intersect, in the form of a band with high efficiency
using the illumination unit 3.

In addition, since the cross section perpendicular to the
longitudinal direction of the light guide body has a shape that
tapers toward the light emitting surface 315 side from the
reflecting surface 31a side, it is possible to condense the light
of the LED which is scattered throughout the entirety of the
longitudinal direction in the reflecting surface 31a toward the
light emitting surface 315 with higher efficiency by totally
reflecting the light by the outer circumferential surface of the
light guide body. Therefore, it is possible to illuminate the
document OB with light emitted toward the document OB
from the light emitting surface 315 in the form of'a band with
higher efficiency. In addition, since the cross section perpen-
dicular to the longitudinal direction of the light guide body
has a shape that tapers toward the light emitting surface 315
side from the reflecting surface 31a side, it is possible to
dispose the center of the light emitting surface 315 in the cross
section perpendicular to the longitudinal direction (X direc-
tion) thereof'so as to be closer to the optical axis CL of the lens
array in the cross section perpendicular to the arrangement
direction (X direction) of each lens surface.

In addition, since the portion of the light guide body which
faces the lens unit 4 is chamfered along the light emitting
surface 315 in the longitudinal direction, the center of the
light emitting surface 315 in the cross section perpendicular
to the longitudinal direction is disposed so as to be closer to
the optical axis CL of the lens unit 4 in the cross section
perpendicular to the arrangement direction of each lens sur-
face, thereby allowing the position (document OB) closer to
the top surface in which the plurality of through holes of the
lens unit 4 on the optical axis CL are formed to be illuminated
using the illumination unit 3 in the form of a band. In addition,
the light emitting surface 315 of the light guide body and the
incidence surface of'the lens unit 4 are disposed close to each
other, thereby allowing the CIS module to be made small.
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In addition, since the portion of the case body 41, accom-
modating the lens array, which faces the light guide body is
chamfered in the arrangement direction of the lens surface, it
is possible to dispose the center of the light emitting surface
316 in the cross section perpendicular to the longitudinal
direction of the light guide body so as to be closer to the
optical axis CL, of the lens unit 4 in the cross section perpen-
dicular to the arrangement direction of each lens surface.

In addition, it is possible to condense the light reflected by
the reflecting surface 31a inside the transparent member
forming the light guide body toward the light emitting surface
31bwith higher efficiency by totally reflecting the light by the
scattering surface of the light shielding film 33 with higher
efficiency. Further, it is possible to prevent the light of the
LED which s incident on the light guide body from leaking to
the outside from the outer circumferential surface of the light
guide body using the light shielding film 33. In addition, in the
related art, the light guide body is accommodated in a case
and is provided in the frame 2 in order to prevent the leakage
of the light, but as described above, the light guide body is
covered by the light shielding film 33 that is extremely thinner
than the case so as to prevent the leakage of the light, and thus
the light guide body and the lens unit 4 can be disposed so as
to be closer to each other.

In addition, in this embodiment, the pressing member
forming dies 203 are inserted into the mold 200 in which the
upper mold 201 and the lower mold 202 are combined
together from the side above the position corresponding to the
intermediate member 21, and thus the pressing members 25
disposed above the inclined groove 22 of the frame 2 are
formed. Therefore, when the frame 2 is formed, there is no
concern that a hole (bore) via which the upper space and the
lower space communicate with each other is formed in the
intermediate member 21, aside from the slit 24 through which
the light emitted from the lens unit 4 in order to form the erect
equal-magnification image on the sensor 5. Accordingly, it is
possible to prevent the light of the illumination unit 3 from
leaking to the sensor 5 by causing the illumination unit 3
disposed in the upper space to be reliably spaced apart from
the sensor 5 (printed circuit substrate 6) disposed in the lower
space. Therefore, since the light of the illumination unit 3 can
be reliably prevented from leaking to the sensor 5, the light
shielding film 33 covering the light guide body can be omit-
ted.

Meanwhile, the invention is not limited to the above-de-
scribed embodiment, and various modifications thereof can
be made without departing from the scope of the invention.
For example, the manner of the chamfering performed on the
light guide body or the lens unit 4 is not limited to the above-
described example. The chamfering may be performed on the
light guide body or the lens unit 4 so that the optical axis CL.
of the lens unit 4 is appropriately irradiated with the light
emitted from the light emitting surface 315 of the light guide
body by disposing the light guide body and the lens unit 4 so
as to be disposed close to each other.

In addition, as long as the erect equal-magnification image
can be appropriately formed on the sensor 5, the lens unit 4
(image forming optical device) may be configured in any way,
and it is possible to employ a lens array in which a row of
lenses is arranged, a lens array in which a plurality of rows of
lenses are arranged, or the like. Further, it is possible to
employ an image forming optical device in which aperture
members are respectively disposed on the incidence side and
the emission side of a lens array, an image forming optical
device in which a plurality of lens arrays are arranged in an
optical axis direction and aperture members are respectively
disposed on the incidence side, between the lens arrays, and
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on the emission side, or the like. In addition, an image form-
ing optical device may be configured by an SLA (SELFOC
(registered trademark) lens array).

In addition, in the above-described embodiment, although
the pressing member 25 is integrally molded in the frame 2
using the pressing member forming dies 203, the pressing
member 25 may be formed in the frame 2 by protrusively
disposing dies each having the same tip surface shape as the
lower surface of the pressing member 25 on the upper surface
of the lower mold 202 instead of the pressing member form-
ing dies 203.

The invention can be widely applied to an image reading
device including an image forming optical device that forms
an erect equal-magnification image by forming an image of
reflected light from an object to be read.

What is claimed is:

1. An image reading device comprising:

a frame that supports an illumination unit that has a light
guide body guiding light of a light source that is facing
one longitudinal end surface of the light guide body to an
object to be read and illuminates the object;

an image forming optical device that is disposed parallel to
the light guide body, has a lens array provided with an
incidence surface in which a plurality of lens surfaces
are arranged in the longitudinal direction of the light
guide body, and condenses reflected light from the
object which is incident on the incidence surface,
thereby forming an erect equal-magnification image on
a sensor;

the frame further comprising;

a first frame portion on which is disposed the image
forming optical device; and

a second frame portion that projects in a direction away
from the first frame portion and which is integrally
composed with the first frame portion.

2. The image reading device according to claim 1, further
comprising a circuit substrate with the light source of the
illumination unit disposed under the second frame portion.

3. An image reading device comprising:

a frame that supports an illumination unit that has a light
guide body guiding light of a light source that is facing
one longitudinal end surface of the light guide body to an
object to be read and illuminates the object;

an image forming optical device that is disposed parallel to
the light guide body, has a lens array provided with an
incidence surface in which a plurality of lens surfaces
are arranged in the longitudinal direction of the light
guide body, and condenses reflected light from the
object which is incident on the incidence surface,
thereby forming an erect equal-magnification image on
a sensor;

wherein the frame has an H-shaped cross-section frame
portion; and

wherein the image forming optical device is disposed on
the H-shaped cross-section frame portion.

4. The image reading device according to claim 3, further
comprising a circuit substrate with the light source of the
illumination unit disposed under the H-shaped cross-section
frame portion.

5. An image reading device comprising:

an illumination unit that has a light guide body guiding
light of a light source that is facing one longitudinal end
surface of the light guide body to an object to be read and
illuminates the object; and

a frame that has an image forming optical device that is
disposed parallel to the light guide body, has a lens array
provided with an incidence surface in which a plurality
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of lens surfaces are arranged in the longitudinal direc-

tion of the light guide body, and condenses reflected

light from the object which is incident on the incidence

surface, thereby forming an erect equal-magnification

image on a sensor; 5

the frame further comprising:

a first frame portion on which is disposed the image
forming optical device, and

a second frame portion that projects in a direction away
from the first frame portion and which is integrally 10
composed with the first frame portion.

6. The image reading device according to claim 5, further
comprising a circuit substrate with the light source of the
illumination unit disposed under the second frame portion.

7. The image reading device according to claim 1, wherein 15
the frame further comprises a third frame portion facing the
first frame portion, wherein the image forming optical device
is also disposed on the third frame portion.

8. The image reading device according to claim 7, wherein
the illumination unit is disposed on the third frame portion. 20
9. The image reading device according to claim 5, wherein
the frame further comprises a third frame portion facing the
first frame portion, wherein the image forming optical device

is also disposed on the third frame portion.

10. The image reading device according to claim 9, 25
wherein the illumination unit is disposed on the third frame
portion.



